Abstract. Gongbei tunnel is the key project of Hong kong-Zhuhai-macao bridge Zhuhai connecting line. The tunnel adopts frozen Curve pipe curtain digging method. In order to ensure the safety of Gongbei tunnel engineering, the rsik management of tunnel excavation team has studied. It has studied on the relevancy between on the organizational structure, rules and regulations, education and training, assessment of rewards and punishments of construction team. Then it make sure the best relevancy risk to plan the risk prevention and controlling measures. Finally, the safety management strategy has targeted to the Excavation team. After practical application, the excavation team of Gongbei tunnel has achieved all-round and focused risk management, which has guided the implementation of the excavation work.
Preface
Gongbei tunnel is the key control project of Hong kongZhuhai-Macao bridge Zhuhai connecting line. The tunnel's starting point is located in south of Zhuhai Gongbei bay and east of the Macau peninsula waters, the terminal is located in the fifth branch management area of Guangdong provincial public security frontier. It picks up the Gongbei bay bridge after artificial island of the Zhuhai-Macau port, and traverses Gongbei port, which is the largest land road port of China.
Tunnel excavation adopts the 255m curve pipe curtain and frozen excavation method, which is so complicated and high risk. This requires the construction team to work closely together. Considering the particularity of its construction technology, it is necessary to optimize the configuration of the crew, and then put forward the targeted control measures and requirements.
Project overview and research ideas 2.1 Overview of Gongbei tunnel
The construction conditions of tunnel excavation are extremely complicated.
First, geological conditions are complex. The tunnel is built in the marine, marine-terrigenous and terrigenous facies strata. The average thickness is about 28~35m, and the soft soil layer is dominated by Marine sediments. It has multi-layer, large thickness, wide distribution, high compressibility, high sensitivity, high moisture content, high porosity ratio, low strength, etc. These factors make the tunnel have many disadvantages in the stability of surrounding rock, design of support and construction.
Second，it has high political sensitivity. It needs to traverse the first land port that have the daily passenger flow of 250,000 passengers (the peak of 300,000) and the average daily flow of 7,000 vehicles (the peak of 10,000 vehicles).
Third, the surface buildings are dense and important. The outer edge of the tube was only 0.75m from the pile foundation of the Macau joint inspection building. The minimum distance of the Zhuhai Gongbei station is less than 24m. These are very important public buildings.
Fourth, the power, telecommunication, water supply and drainage network are numerous in the area of tunnel line.
Therefore, the tunnel construction adopts curvilinear curtain to freeze soil construction method.
Research approach
• Through the investigation of the basic situation of the excavation team, the factor M affecting the safety management of the construction crew were analyzed.
• Through the analysis of the excavation operation process, the risk analysis is carried out to form the construction safety factor N.
•Through correlation analysis between factor M and factor N, to carry out the, the key safety management factors that influence the excavation of Gongbei tunnel are determined. Furthermore, the related management countermeasures are developed to guide the safety operation of the team.
3 Construction personnel influence factor analysis (factor M)
Tunnel excavation personnel analysis
Based on the basic information of 375 tunnel construction personnel, the analysis of the demographic characteristics of the construction crew of tunnel engineering was concluded [1] , [2] .
Gender: in tunnel engineering construction group, mainly male, female mainly engaged in logistics. About 96.3% is men and 3.7% is women. The gender ratio is about 26:1.
Age: among the tunnel builders, the maximum number of employees aged 40 to 49 was 137, accounting for 36.5% of the total. A total of 78 persons under 30 years of age accounted for 20.8%. Five people over the age of 60 accounted for 1.3%. The age structure is reasonable.
Education background: The construction personnel of high school and above are responsible for 11.5%. The construction personnel of the junior high school and the following qualifications account for 88.5%. The ratio of high school and above education to junior high school and below is 1:7.7.
Construction experience: the tunnel construction personnel have rich construction experience. People with more than five years of experience have a ratio of 82.4%.
Staff mobility: tunnel builders who work less 6 months accounted for about 60.7% in a single project. The staff mobility is frequent.
Analysis of safety factors
The factors that affect the safety on construction team are multifaceted. According to the four elements of safety management that include human, objects, environment and management, the analysis of influencing factors was carried out.
Human factors. The construction group is the smallest unit in the construction organization. The team leader is responsible for the daily management and safety management of the team. Therefore, the selection of group leader is the key of group organization and safety management. n addition, the workers' skill level and safety ability determine whether the construction site is safe. Therefore, construction personnel ability is an important factor in the safety management of construction crew.
Objective factors. The main items involved in construction team include mechanical equipment, tools, construction materials, and so on. The main factors affecting the safety of construction are the lack of safety equipment, failure, unqualified tools and construction materials.
Environmental factors. The environment of the tunnel excavation group is complex and changeable. The excavation environment of Gongbei tunnel is mainly the enclosed space formed by the pipe curtain and the support after the frozen soil. The main influencing factors are the freezing injury caused by the curtain, the construction injuries in the construction cross operation environment, such as mechanical injury, object strike, high fall, etc.
Managerial Factors. The safety management system of the construction project department is relatively perfect, but for the construction team, the management system is imperfect and the target is poor, and many systems are not in place.
In the above influencing factors, the objective factors can be eliminated by inspection and acceptance. Other factors, such as human factors (include team leader, construction personnel), environmental factors (include low temperature environment, cross-operation environment) and management factors (include responsibility system, education training, assessment, rewards and punishments), are all factors affecting the safety of Gongbei tunnel excavation team.
Influence factors of tunnel excavation process (factor N)

Decomposition of excavation process
There are three main stages.
• Subsurface excavation and secondary lining. It includes the soil grouting reinforcement in the hole, the excavation of the underground continuous wall, the excavation of the hole, the water stop between the pipes, frozen exterior-protected construction, the initial support, the temporary support, the secondary lining, etc.
• Third lining. It includes the dismantling of the temporary support, the third lining in sections, the thawing settlement grouting, and the filling of water mud in even tube, etc.
• Ancillary and traffic engineering in the cave. The construction paragraph of tunnel excavation in Gongbei tunnel is shown in Figure 1 . 
Analysis of safety factors
Based on the tunnel construction process, the paper analyzes the risk source, the risk factors and the types of accidents that may occur, and puts forward the corresponding risk control measures. It is shown in " Table   1 ". Through risk analysis, we can draw the influence factors of affect the process of construction safety, mainly has to clean the loose roof soil (include soil instability, top cleaning), the erection of support (include mechanical work, support interval, unstable arch foot), frozen soil excavation (include dust, noise, drilling, mechanical operation), primary support (include individual protection, dust, and concrete), sediment transport (include crossover operation, the instability of surrounding rock, slag discharge car, dust), crossover operation sequence (include construction sequence, builders, machinery, layout) and other factors.
Correlation analysis of influencing factors
For the above factors, we designed a questionnaire for the front-line construction personnel. A total of 1214 valid questionnaires were collected.
Through questionnaire survey, the relevant information of each influencing factor was calculated.
Then using SPSS software to carry out data analysis, the related coefficients of each influencing factor were obtained [3] - [8] . This is shown in "Table 2". Through correlation analysis, it can be concluded that there are important factors related to the construction safety of Gongbei tunnel excavation. It mainly refers to the group leader, front-line constructors, cross-operation, construction sequence, responsibility system, education training, rewards and punishments.
Safety management countermeasures of tunnel excavation team
Technical strategies
According to the correlation of safety influence factors, it is suggested to select small sections and determine the reasonable excavation steps, spacing, support and types.
Excavation steps
The tunnel was eventually determined to be excavated in fourteen parts. It is divided into 5 steps: A, B, C, D and E. The steps are about 3.8 ~ 5.0 m. It is shown in Figure 2 . 
Excavation space
a) The first step is to excavate a-2 guide pit first, then excavate a-1 guide pit, and the a-1 guide pit lags behind the a-2 guide pit about 5m.
b) The second step is separated from the first step by 20m.
c) The third step and the second step are separated by 15m.
d) The fourth step and the third step are separated by 15m.
e) The fifth and fourth steps are separated by 15m.
Support
a) The first step: for every 1 ~ 2 steel spacing (0.4m spacing), the initial support and temporary support structure should be followed. After the first step of excavation is completed, the instant support molds are cast concrete and the second lining.
b) The other steps: start to make a second line when the distance is more than 10m.
Excavation types a)
The first step: all the holes are excavated with PC55 small excavators, with small auxiliary tools such as pneumatic picks. The residual soil is transported with the self-unloading vehicle.
b) The other steps: first, the two side headings should be opened, then the center heading to be excavated. The center heading is spaced about 5m between the two side headings.
Construction strategies
Before work
a) The special construction plan should be prepared before the tunnel construction, and the on-site disposal plan of the construction site shall be improved, and the practice shall be organized regularly. In the construction, there shall be sufficient emergency and emergency supplies.
b) The tunnel excavation shall be adjusted according to its geological conditions, section size, suitable construction equipment, proper operation area and adjustment in the construction process.
c) Prior support should be checked before excavation, and whether the thickness of freezing meets the design requirements.
d) Before the operation of each construction process, the operation risk and safety measures shall be informed to all team members by the safety officer through the form of pre-class safety speech.
e) Before the excavation of the next cycle, it is necessary to check the initial support to ensure the safety of the construction work.
f) The roof cleaning must be directed by a specialist, and lighting should have adequate illumination.Safety confirmation must be carried out after clean the top. After qualified, other workers can enter the excavation work.
In the work
a) The excavation length must be controled strictly. Meanwhile, it shall be reduced the perturbation of surrounding rock, and do not damage the initial support, lining structure and construction equipment. b) After excavation, the initial support and temporary support should be made to form a full -section circular closure. It is necessary to make the second lining structure as soon as possible. In the construction, the stability of the tunnel face and the ground of the temporary vertical support are always concerned.
c) The initial support and temporary support are followed by the excavation of the guide hole to complete the structure of the supporting body. When excavating, the special person should be appointed to conduct the excavation operation, Strictly limit the mechanical operation boundary to prevent collision steel frame.
d) When using mechanical excavation, the machine should be selected according to the tunnel's section and environment, and the safe operation area shall be defined and the warning signs shall be set. Non-operating personnel are not allowed in.
e) In the case of manual excavation, the workers shall maintain the necessary safety distance and set up a special conductor.
f) When the deformation rate of surrounding rock and support system is found to be abnormal, effective measures should be taken immediately and all personnel should be evacuated from the dangerous area when the situation is serious.
After the work
a) At the end of the day, the team leader and the safety officer should count the personnel. The team leader should review the work area and find out the security risks.
b) At the time of the transfer, the situation of work completion, the risk point of the construction process, and possible safety hazards are explained to the next group. The signing procedures of the succession shall be performed.
c) The tunnel construction plan should be adjusted in time according to the geological prediction.
Management countermeasures
Team organization a) Group leader selection:
The group leader of Gongbei tunnel should select a person with more than 10 years of experience in construction and should not be older than 55.
b) Construction personnel requirements: A construction worker with more than 5 years experience can bring one worker who has one year working experience. People without experience in tunnel construction are not allowed to enter the excavation team.
Team safety management system
The responsibility of the post should be clearly defined, the responsibility system should be implemented, and relevant security system (such as safety education training system, safety assessment and punishment system, etc.) should be formulated, and the relevant system should be strictly implemented. We will strengthen the management of the team from the three aspects of system construction, responsibility implementation, rewards and punishments.
Conclusion
Based on information research and questionnaire survey to Gongbei tunnel construction personnel, The basic data analysis of tunnel construction personnel and the risk analysis of excavation process are carried out. Using SPSS software to carry out correlation analysis, the important factors that influence the tunnel's construction safety are obtained. Finally, the countermeasures of the construction team has been proposed. The following conclusions are obtained.
a) The important factors related to the construction safety of the tunnel excavation are obtained. There are team leader, front-line construction personnel, construction step and spacing, cross operation, responsibility system, education training, rewards and punishments.
b) In the three aspects of technical strategies, construction strategies and management countermeasures, the safety management measures of the excavation team are formulated.
c) Through the application of relevant research results, the construction quality of tunnel engineering is effectively guaranteed, and the zero casualties target of the excavation team has realized.
